limnic region by juveniles takes place in the fall, aided by the reversed water currents at H.W.S., thus completing the cycle. I.
The real identity has been studied of juvenile gammarids, that were found in the fresh-water tidal region of the River Slack (France), 3 to 4 km inland of the mouth of its estuary. At the outset, these juveniles were (on basis of their morphology) considered to belong to Gammarus salinus.
2.
Rearing demonstrated that the juveniles in question developed into adult Gammarus zaddachi. This indicates that the morphological criteria used in discriminating between G. salinus and G. zaddachi fail in juvenile material.
Several morphological criteria are discussed and tested. It appears that a 100% certain key character does not exist, meaning that it is not possible to identify with absolute certainty all individuals in mixed populations of the two species.
3.
At the same time, the resemblance of juvenile G.
zaddachi to adult G. salinus provides us with a morphological feature allowing rapid distinction between adult and juvenile G. zaddachi in studies with large numbers of individuals. 4 .
In studies of the reproduction and migration of G. zaddachi, several types of nets were developed, both for anadromous and catadromous migrants. These nets agreed with one another in having the same catch capacity.
5.
The activity of G. zaddachi shows a diurnalperiodicity, the activity peak falling at night.
This behavior results in a down-river migration ("drift"), which reaches its maximum 2 to 3 hours after sunset, slowing down later in the night, until the drift virtually stops at sunrise. No influence of the light intensity during the night (moon phase, clouds) was found.
6.
During the periods with H.W.S., the direction of the stream reverses in the entire study area. In the parts of the river adjacent to the estuary, this stream reversal is accompanied by a rapid increase in salinity. In the more up-river reaches, no salinity changes occur, so that we find there a fresh-water tidal region.
7.
All year round a certain part of the population of G. zaddachi living at a given place (the so-called standing crop) migrates down-river. During the autumn equinoxal spring-tides (and -though much less -during the spring equinox) mass migration takes place in up-river direction.
This up-river migration takes place only at nights in which the stream reverses under the influence of the H.W.S.
Practically exclusively juvenile animals participate in the up-river migration.
8.
Per night, the maximum number of animals caught per net (= 30 X 50 cm) was 1,500 downstreamers and 6,000 upstreamers of G. zaddachi, which may roughly correspond with 30,000 downstreamers and 120,000 upstreamers per given section of the river. No other gammarid species in the river Slack shows migratory behavior.
9.
Tagging experiments showed, that animals migrating up-river cover distances of 40 to 60 m per night. Downriver migrants cover at least 50 m and at most 80 m per night.
10.
Several indications make it plausible that, though G. zaddachi uses the water currents for its migration, the up-river and down-river movements are not merely accidental transportation. Animals in the (physiological) phase of moving down-river continue to do so, irrespective of the direction of the stream. The same holds true for animals in the phase of moving in up-river direction.
11.
The reproductive cycle of G. zaddachi is completed in one year. The young appear in spring, in autumn these juveniles grow adult, the first ovigerous females appear in December, the maximum production of eggs falls in the early spring. All adults die after the reproduction period.
12.
The reproductive cycle is coupled with the migration cycle. The females participating in down-river migration can, dependent on temperature and salinity, successfully produce an offspring. At temperatures above 7°5C this happens only in the mixohaline parts of the river Slack.
When the temperature drops below 7°5 C, egg production is also possible in the limnic reaches of the river. The juveniles pass the summer in the estuarine region. In (Dendy, 1944; Müller, 1954a; Tanaka, 1960; Elliot, 1967; McLay, 1968 ), but also for gammarids (Waters, 1962a; Müller, 1963a Müller, , 1963b Minckley, 1964; Lehmann, 1967) . Various (1) Accidental transport. This is particularly plausible for hatching insect larvae, that are transported ("drifted") more or less at random to the lower reaches of a brook or river, where the imagines hatch. The adult females then fly upstream for the ovoposition, thus completing the "Besiedlungskreislauf" ("settlement cycle", Müller, 1954b) .
For a gammarid, whose entire life-cycle is completed in the water, the "fly back" possibility is excluded, of course.
(2) The drift rate corresponds with the reproductive rate.
Waters (1961, 1964, 1965) showed this to be the case in various American limnic invertebrates, in- cluding Gammarus limnaeus Smith. The drift is considered in these cases as a compensatory mechanism preventing overpopulation.
(3) The drift rate is correlated with the stage of development and not with the population density (Müller, 1966b ).
(4) The the direction of the current (which is normally toward the sea), reverses, so that the water flows inland for a short period (cf. fig. 15 ).
During the observation period, the surface temperature of the water in the river Slack varied between 18.6°C (Aug. 5, 1967) and 3.5°C (Feb. 27, 1968) . sample was preserved at once in ethyl alcohol 70°.
The data obtained at the Stations I to IV were completed by dip-net catches at various places all along the stream system. Sexton, 1912; Spooner, 1947; Segerstrâle, 1947) . Usually 100 animals of each sample were measured and sexed.
III. 4) Measurements
It proved not to be easy to measure the body length of the animals collected, because of the commashape of the body. Instead, the length of the hardly bent cephalic segment was measured, along the dorsal side, from the distal end of the rostrum to the articulation with the first pedigerous segment.
These measurements could be made rapidly under a compound microscope with the aid of an eye-piece micrometer.
As is shown in fig. 8 , there is a linear correlation between the cephalic length and the body length. 
V. 2) Trickerysalinus
It was thought worth while to investigate the freshwater occurrence of the alleged G.salinus more closely.
In the next discussion, these fresh-water gammarids, having the key characters (according to Kinne, 1954) of G.salinus, but living up-river instead of down-river of the area inhabited by G.zaddachi, will be called "trickery -salinus", in order to distinguish them from both the real salinus and zaddachi.
For the distinction of G.salinus and G.zaddachi, we chiefly used the classical method, developed bv Sexton (1912, 1913, 1942) , Spooner (1947), Segerstrâle (1947), and used as a key character by Kinne (1954) , according to which salin us is characterized by the presence of short setae (shorter than the spines) on the posterior margin of segment 4 of leg 7, whereas in zaddachi the setae on this place, in particular those of the apical and subapical groups of elements, are much longer than the spines. This difference seems trifling, and indeed, salinus and zaddachi were considered a long time two forms of the same species, a "spiny" form from higher salinities, and a "hairy" form from lower salinities (Sexton, 1942 It is true that Kinne's key is based primarily upon adult males, but in the same publication it is stated that shorter or longer setation is little age dependent, and that the salient setal length-spine length ratio could be used with success in animals even smaller than 4 to 6 mm body length.
Since our trickery-salinus had body lengths from 4 tot 11 mm, no difficulty was expected in the beginning.
It was attempted first to find in nature ovigerous specimens or couples in the precopula stage of the trickery -salinus. These attempts were all in vain. The problem could have three possible answers: trickerysalinus are juveniles of a) the species G.salinus b) the species G.zaddachi c) another species at the moment unknown to us.
Possibility b) was rejected in earlier stages of our study, as it was in contradiction to Kinne's statement that the morphology of segment 4 in leg 7 was already typically developed in 4 mm juveniles.
As to possibility c), no described species 1 ) fitted the material of trickery-salinus.
V. 3) Morphological comparison of trickery-salinus with salinus and zaddachi
Preserved samples of trickery -salin us (from the river Slack), of salinus (from Germany, The Netherlands, and the river Slack), and of zaddachi (from Germany, The Netherlands, Wales, and the river Slack) were subjected to a scrutinous, morphological examination.
The following seven characteristics have been compared: (1) the setation of the lower margin of the pedunculus of the first antenna; (2) the number of segments in the accessory flagellum; (3) the shape of the propodus of the two gnathopods; (4) the armature of leg 7; (5) the shape and armature of the 2nd and 3rd epimeral plates; (6) the dorsal armature of the urosome; and (7) the armature of the telson lobes.
It appeared that these characters in G.salinus and G.zaddachi showed a considerable overlap, but that the statistical means usually were different. On the basis of characters (1), (2), and (5), no decision could be reached whether trickery -salinus showed more resemblance to zaddachi or to salinus. On the basis of Fig. 9 . The ratio length longest seta/length longest spine on segments 4 and 5 of leg 7 in Gammarus zaddachi from different localities and reared in the laboratory. This ratio is currently used to discriminate taxonomically between Gammarus zaddachi and Gammarus salinus. Explanation see text ( § V. 5). zaddachi from G.salinus. This key value is 1.0, because if the spines are longer than the setae, the ratio is < 1.0, and the animal in question classifies with G.salinus. If the setae are longer than the spines, giving a ratio > 1.0, the animal classifies with G.
zaddachi.
The following conclusions can be drawn from fig. 9 :
(1) Material collected in the areas with a higher salinity (lowest row, marked "Slack Estuary, 4 Aug.
1986") consists for the greater part of animals in which the setae are longer than the spines (this means that the greater part of animals are plotted to the right of the line separating typical zaddachi from typical salinus). This is especially true for the males;
of the females a certain percentage turns out to fall to the left of the division line.
(2) Material collected in areas with a low salinity (row marked "Slack, limnic, 5 Aug. 1966") chiefly is grouped closely around the division line, which means that setae and spines are about equal in length.
(3) Members of the population mentioned under (2) (4) The same increase in length of the setae during the period the animals were in culture is observed for segment 5 of leg 7 (right column in fig. 9 ), although distinct zaddachi-hke moqihology is reached in this segment earlier in the year than in segment 4.
V. 6) Conclusion of the rearing experiments
The 
1) Introduction
Several authors (Harker, 1964; Müller, 1983a Müller, , 1963b Waters, 1962a Waters, , 1965 respond closely with the data presented in the figure.
The following regularities are clear at once:
(1) Downstream migration always takes place in the dark; during daytime, migration activity is virtually absent.
(2) One to two hours after sunset, the migration starts all the sudden and reaches its maximum two to three hours after sunset.
(3) During the rest of the night, the migration continues, but the number of animals participating in it gradually drops. At sunrise, the activity stops entirely.
VI. 3) Discussion
In context with these observations, one would expect that there would exist a relation between the noc- 
1) Stream
As shown in fig. 16 Fig. 15 shows, that the stream velocity drops some two hours before H.W.S.
One hour before H.W.S., the water stands still, and from then on, till approximately an hour after H.W.S., the direction of the current reverses 180°, whereas finallyafter a short second standstill periodthe river flow re-assumes its normal direction and speed. Tables I to III show the reversal at the stream at various dates in Station I.
In Stations II to IV, the stream reverses as well, but the phenomenon is less marked, due to the greater distance from the sea of these stations. It is to be clearly understood, that the "upstream migration" is meant in a geographic sense, and not in the sense that the animals moving in upstream direction also move against the direction of the normal river flow. On the contrary, they use the short periods of stream reversal for their migratory activities.
(2) Downstream migration is present every night, provided the river flow is in seaward direction, irrespective of moon phase and/or tides.
The phenomenon that G.zaddachi makes use of the direction of the water currents, both for its up-river and for its down-river migrations, is not unique at all in the animal kingdom. Several cases in which the data, the following three questions can be answered:
(1) what is the composition of the samples captured;
(2) is there a difference between upstream and downstream migrants in one sampling station at any particular sampling time;
(3) is there a difference between samples collected at different sampling stations. In two of these, 5 Sep. and 1 Dec., the upstreamers differed significantly in size from the downstreamers.
(significance 99%, infinite number of degrees of freedom). In the remaining samples (3 Oct. and 29 Apr.) no significant differences existed between upstream and downstream migrants (cf. fig. 21 ). (1952, 1953) 
1) Downstream migration
Large numbers of individuals taken at night in a downstream driftnet at Station IV were tagged. These were released at 4 consecutive days in June 1967.
A first group was released at position A, at 5 m distance upstream of a driftnet, blocking the entire brook. A second group was released at position B, at 50.50 m, a third group at position C, at 66.50 m, and a fourth group at position D, at 81.00 m upstream of the net (see fig. 22 ). The distances between the points of release and the net were determined only by the nature of the river. Thus, the somewhat illogical figures of 5.00 m, 50.50 m, 66.50 m, and 81.00 m have been obtained.
In addition to a net for catching downstream migrants among the released animals, also a net for upstream migrants was placed, always 10 m upstream of the place of release.
The results are shown in table XI.
From the table, several conclusions can be drawn:
(1) If we total all the experiments, 548 tagged individuals (or nearly 35%) have been recaptured.
These numbers are sufficient important to warrant also the conclusions (2) to (5).
(2) Nearly 50% of the tagged animals have migrated over 5.00 and more than 50 m, respectively, in one night.
(3) The percentage of recaptures drops sharply, when the tagged individuals are released at more than 50 m from the net.
(4) No individual has travelled 81 m per night.
(5) No individual has migrated 10 m upstream. 1 )
Of course, the nets contained, in addition to the tagged individuals, also considerable numbers of unmarked specimens (ratio marked-unmarked specimens about 1 : 4.1). 
XII. 2) Upstream migration
An experiment comparable with that described in the previous paragraph, was also executed at Station I. This experiment is described in detail in the next section ( § XIII). From this experiment it can be concluded that a certain percentage of the upstream migrants can cover distances of at least 60 m in one night.
Thus, there is no great difference in the upstream and downstream migration distance, both being in the order of 50-60 m for at least a major part of the animals.
XIII. ACCIDENTAL VERSUS ACTIVE

TRANSPORT
The fact that upstreamers and downstreamers both make use of the water currents (see § VII) and that there are not always significant size differences between the two groups of migrants (see § X) could be an indication that the observed movements of members of the population of G.zaddachi support entirely upon accidental, passive, transportation along with the currents during their nocturnal activity (feeding)
period.
There are a couple of facts that prove convincingly that accidental, passive, transport is out of question, *) It must be borne in mind that the individuals used in this tagging experiment were originally caught during downstream migratory activity, thus hardly show any tendency to migrate upstream (see also § XIII). These proofs are the following:
(1) Of the 15 species inhabiting the river Slack and its estuary, all show nocturnal activity, but only G.zaddachi participates in migratory movements.
(2) Upstream migration of G.zaddachi is important during the equinoxal H.W.S. of the autumn, but during the spring equinoxal H.W.S., when also current reversal is observed, hardly any upstream migration takes place (see fig. 19 ).
(3) If transport was purely passive, the distance covered by downstreamers during one night would be much larger than it actually is (see § XII. 1).
(4) Final proof was obtained by the following exper- 
1) Introduction
Kinne (1952) showed that the lifespan of Gammarus zaddachi is restricted to a period of 12 to 16 months. (2) This conclusion leads to a modification of statement (1), in that males in fresh-water attain earlier the adult morphology than fresh-water females. Fig. 25 Of course, the animals that live far up-river do not necessarily migrate to the sea-shore, but just a certain distance down-river. This distance may be close to 1500 m, as is demonstrated by the depopulation of the uppermost 1500 m of the winter area ( § XII).
The known migration distance per night, both of upstream migrants ( § XIII) and of downstream migrants ( § X.l), is sufficient to explain the yearly migration cycle in the river Slack.
Of the population at any given section of the river (during daytime, the time of non-activity), a certain part (stippled in fig. 28 in winter (= late February). The dotted circles indicate that portion of the total population participating in migratory activity. The arrows indicate the direction of this activity. The undotted part of the diagram represents the part of the population not participating at that moment in migratory activity.
The width of the dotted circles is an indication for the numbers of animals participating in migration.
For a complete migration diagram in the River Slack, a great number of overlapping circles should be imagined.
The blocks at both sides of the migration circles indicate the composition of the migrating population (ovigerous females, males plus non-ovigerous females, juveniles).
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XVIII. DISCUSSION
As was shown in the preceding paragraphs, the activities of Gammarus zaddachi are greatly influenced by several environmental factors, such as light intensity, direction of the water currents (which in turn depend on spring-tides, thus on moon phases), temperature, and salinity.
It must be remarked that a decisive answer on the quantitative influence of light intensity and temperature, has not yet been given, seen the paucity of data available.
A future line of research is no doubt rearing of G.zaddachi in fresh-water, to which small quantities of certain ions have been added, in the first place Ca and Mg. The relation between the temperature at the one hand, and the ionic composition of the medium at the other, especially its effect on the reproduction and on the osmoregulatory system, could be much more complex than it appears now at first sight.
Not yet solved either at this moment is the possible relation between the salinity and the number of eggs produced. 
